as a clinical index of glycemic control in diabetic care (5) . The physiological significance of this AG depletion, how ever, remains to be elucidated. A study of the AG content in various food ingredients (13) suggested that AG occurs ubiquitously in animals and plants. Accordingly, we postulate that AG is essential to every organism. Among vegetables, cereals and beans contain the largest amounts of AG (13) , thus suggesting that seeds store AG in preparation for germination. The wide distribution of AG in vegetables indicates that AG is synthesized in these autotrophs. Mammals are able to effectively obtain AG from foods through intestinal absorp tion (10, 14, 15) , and they also efficiently retain it in their bodies through renal reabsorption (10) (11) (12) . Since AG undergoes very slow metabolic turnover (10) , it accumu lates in animals' bodies. Most of the mammalian intracel lular water spaces seem accessible to exogenous AG (10, 16, 17) , and intracellular AG is washed out by perfusion (17) . Furthermore, we have directly demonstrated rapid AG incorporation into cultured rat hepatoma cells, Reuber H-35 (18) . Our last study indicated that a transporter specific to AG is located on the plasma membranes of Reuber H-35. Natural occurrence of AG inside the cells is another indication of AG being essential to cellular activity. It is highly plausible, therefore, that such an indispensable substance is endogenously supplied even in heterotrophs. In this report, we demonstrate AG synthesis in mammalian cells using Reuber H-35 cells.
From the structural point of view, glucopyranose is the strongest candidate among possible precursors of AG. The rate of AG synthesis should be very slow because AG undergoes very slow turnover (10) The authentic [U-13C]AG (panels a) was directly peracetylated and the sample from the culture supernatant (panels b) was peracetylated after the treatments described in the text. GC/MS analysis was performed using a JEOL, Model DX-300. TABLE I. Intensity and assignment of major fragments detect ed in gas chromatographic peak corresponding to AG. The intensity and the mass number of the major fragments detected in the fragmentograms for the 5.3-min peaks in Fig. 1 are summarized and each fragment is assigned to the one expected to arise when the peracetylated derivative of AG loses first an acetoxy group and then one or more of its acetic acids, ketenes, acetoxymethylenes. Figure 1 shows the total ion chromatogram (TIC) and the selected ion chromatograms (SICs) of the major fragments, m/z=176 and 218, for the authentic [U-13C] AG (a-panels) and for the sample partially purified from the culture supernatant obtained after 36-h incubation of the cells with 13C -MEM(-) (b-panels). The retention times of the single peaks in the run for the authentic sample were all 5.3min. The TIC in the b-panels shows that the sample had many peaks derived from a large number and amount of im purities, while one of the major peaks in both SICs in panel b was observed at the retention time for AG, i.e., 5.3 min, at which the TIC showed a minor but distinctly isolated peak. No such peaks in the TIC or SICs were observed when the cells were instantaneously exposed to 13C-MEM(-) (data not shown), thus indicating that the substance respon sible for the peaks at 5.3 min was produced only by a prolonged incubation of the cells with the medium. The relative intensities of the peaks for m/z=176 and m/z= 218 at 5.3 min in the SICs, based on the total intensity of the peak at the same retention time in the TIC, were 7.7 and 3.5% for the authentic [U-13C] AG and 7.3 and 3.2% for the sample, respectively (note the difference in the scale for the ordinate among the figures for the SICs and TICs). The relative intensities for the sample thus almost agreed with those for the authentic [U-13C]AG. This agreement indi cates that the 5.3-min peaks for the sample arose mostly from [U-13C]AG. Table I lists the relative intensities taking the 176 fragment as the base. The table also shows the assignments of all the major fragments which arose from peracetylated [U-13C]AG by loss of an acetoxy group and one or more acetic acids, ketenes, or acetoxymeth ylenes. The identity as AG of the 5.3-min peak in the TIC of the purified sample was thus confirmed by the close agreement of the relative intensities of all the major fragments with the intensities of the corresponding frag ments for the authentic [U-13C]AG.
RESULTS

Identification of AG Produced in Culture Medium
Time Course of AG Synthesis and Glucose Consump tion- Figure 2a shows the amount of glucose consumed during the incubation of the confluent cells in media in the presence or the absence of serum. In both media, the rate of glucose consumption was rather constant throughout the incubation, and glucose was still present in the medium 48 h after the start of the incubation when the initial glucose concentration was as much as 1mg/ml. Only a minor effect of serum was observed in the glucose consumption under the present experimental conditions. Figure 2b shows the time course of [U-13C] AG accumulation in the culture media with or without serum, as a function of the incuba tion time. The rate of accumulation seemed to increase with incubation time in both media. The amount of [U-13C]AG produced in 4ml of the medium after 48h of incubation was about 12ng in either cases. On the other hand, only a negligible amount of [U-13C]AG was detected within the cells at any time point in these incubations. Since 13C -MEM (+) contained approximately 90ng/ml of natural AG originating from fetal bovine serum, we also studied the effect of added natural AG on the accumulation of [U-13C]AG, but found no notable effect (less than 3% of suppression).
Glucose Dose Dependency of AG Synthesis-The amounts of accumulated AG and consumed glucose in 48 h of incubation were measured for various initial concentra tions of [U-13C]glucose ranging from 0.2 to 2.4mg/ml. Since each incubation medium also contained ca. 0.032mg/ ml of natural glucose originating from the serum, the actual amount of glucose should be the sum of the two types of glucose, and the amount of accumulated AG was calibrated for that sum. Figure 3b shows the relationship between the amount of accumulated AG and the initial glucose concen tration. The higher the initial glucose concentration was in the culture medium, the more AG was accumulated in the medium. Figure 3a shows the relationship between the initial glucose concentration and the amount of glucose consumed in 48 h of incubation. The consumption increased linearly with the initial glucose concentration up to around 1mg/ml, then abruptly became constant above this concen tration. Thus, glucose utilization and AG synthesis from glucose showed markedly different profiles in their glucose concentration dependency. significantly involved in AG synthesis. In other words, AG is shown to be mainly derived from glucose rather than substrates recycled in the cells. We also observed in this study that only a negligible amount of the newly-synthesized AG was detected inside the cells (<0.5ng/culture), thus confirming our previous observation (18) that the hepatoma cells are permeable to AG. Moreover, AG has been shown to undergo very slow metabolic turnover (10) . These two facts indicate that most of the AG synthesized by the cells was accumulated in the culture medium. On the other hand, the AG accumulation in the culture medium became apparent only after 12h of incubation. That is, the synthesized AG scarcely reached a level detectable even by this highly sensitive method before 12h of incubation. This indicates either an accelera tion or a lag time in the conversion of glucose to AG and may suggest either that AG synthesis involves multiple steps which include the production of relatively stable intermedi ates, or that the AG synthetic rate is dependent on the states of cells and/or culture medium as well as on the glucose supply. The exact synthetic pathway from glucose to AG remains to be elucidated.
Whatever the intermediates in the AG synthesis were, they are presumably not metabolites in either the glycoly tic or gluconeogenetic pathway, because the conservation of all six glucose carbon atoms in the pyranoid ring indicated that recycled substances contribute insignificantly to AG synthesis. We found further support for this indication in a separate experiment: when the initial glucose concentra tion was more than 0.1mM, the rate of glucose consum ption was constant, regardless of the initial glucose concen tration (data not shown). This indicates that the apparent Km for glucose in glucose utilization is very low. Consistent with this, the Km value for the hexokinase reaction, one of the rate-limiting steps in the Embden-Meyerhof pathway, which is the major route of exogenous glucose utilization in the liver, is known to be in the order of 10-20mM (21, 22) . On the other hand, the extent of AG synthesis seemed to be more dependent on the initial glucose concentration in the culture medium than on the amount of glucose consumed by the cells. That is, even when the initial glucose concentra tion was 1 mg/ml or more, AG accumulation in the culture medium continued to increase in response to the higher initial concentration, while the glucose consumption was saturated leaving residual glucose in the culture super natant even after 48h of incubation. The Km for AG synthesis was thus indicated to be much higher than 1mg/ ml (5.5mM). These considerations suggest that AG syn thesis may not share intermediary metabolites with either the glycolytic or gluconeogenetic pathway; and this rules out the possibility of AG being a by-product in these main metabolic pathways for glucose utilization. There is an other enzyme, glucokinase, which catalyzes the same type of reaction as the hexokinases but is presumed to be the one for glycogenesis in the liver. This enzyme has a Km value for glucose of about 10mM (23) , which is close to the esti mated Km value in AG synthesis, suggesting that it may be involved in AG synthesis. The extent of AG synthesis by the rat hepatoma cells was measured in this study in the presence of serum. This was due to the slow synthetic rate of AG, which inevitably required prolonged incubation of the confluent cells tc attain sufficient AG accumulation for the sensitivity of the 
